Local and systemic inflammation has been implicated in the pathogenesis of acute pancreatitis and secondary multisystem organ failure. To assess the pro-and antiinflammatory response, the site of mediator production, and their route of diffusion, we sampled simultaneously ascites, thoracic lymph, and blood at the onset of end-organ dysfunction and for the following 6 days in 60 patients with acute pancreatitis. We used immunoassays to measure proand antiinflammatory cytokines and cell-based bioassays to assess the net pro-and antiinflammatory activity elicited by the biological fluids. Tumor necrosis factor-␣ and interleukin-1␤ were detected in less than 15% of blood and lymph samples. Secondary pro-and antiinflammatory cytokines were found to be elevated early and throughout the sampling period in all compartments. Cytokine levels decreased from ascites to lymph to blood, suggesting a splanchnic origin. Prolonged diversion of ascites and lymph did not alter cytokine gradients, suggesting mediator transfer via the splanchnic blood circulation. Although a net proinflammatory activity ascribed to interleukin-1␤ was detected in ascites, a net antiinflammatory activity was measured in virtually all lymph and blood samples, suggesting that the pancreas and the splanchnic area are sites of a proinflammatory response and that an early, dominant, and sustained antiinflammatory activity takes place in circulating compartments.
little is known about the contribution of these mediators to the extent of pancreatic necrosis. Furthermore, data on the site and the kinetics of cytokine production, the routes of cytokine diffusion, and the balance between the pro-and antiinflammatory response are scanty or nonexistent in humans (21, 27, 28) .
In this study, we prospectively studied a large cohort of patients with severe acute pancreatitis in whom peritoneal lavage and thoracic duct drainage were performed at the onset of MSOF. This gave us the unique opportunity to address the compartmentalization of the immunoinflammatory response. The levels of pro-and antiinflammatory mediators and their bioactivities were determined in ascites, lymph, and blood. We found that both pancreatic damage and endorgan dysfunctions correlated with the magnitude of the inflammatory response. Inflammatory mediators were primarily released from the splanchnic area, and gained access to the systemic compartment mainly by the portal and suprahepatic circulation. The peritoneal compartment was the site of a net proinflammatory reaction to the pancreatic necrosis, whereas a net antiinflammatory response dominated in the lymph collected from the thoracic duct, as well as in the systemic circulation during the first week after the onset of MSOF.
METHODS Patients
Sixty-three patients admitted to the medicosurgical intensive care unit (ICU) early after the onset of severe acute pancreatitis were consecutively enrolled in a conservative therapeutic strategy that included peritoneal lavage and thoracic duct drainage (29) . The study protocol including drainage of the thoracic duct and sampling of lymph, ascites, and blood received institutional approval from the local Ethics Committee. Written informed consent was obtained from all patients or from the next of kin before enrollment.
Samples of at least two of three compartments were obtained in 60 of 63 patients (95%) who were selected for this study. All patients had at least one end-organ failure at the onset of thoracic duct drainage. The severity of acute pancreatitis and the magnitude of MSOF were assessed by modified Acute Physiology and Chronic Health Evaluation (APACHE II), Sequential Organ Failure Assessment (SOFA) scores, the number and type of organ system failure, Ranson prognostic signs, and the peak serum level of C-reactive protein (30, 31) . Acute respiratory distress syndrome (ARDS) was defined according to criteria from the North American-European Consensus Conference (32) .
The extent of local tissue injury was assessed by the 10-point computed tomography (CT) Severity Index (33) , and by the volume of necrosis (Ͻ30%, 30-50%, Ͼ50%). Early infected pancreatic necrosis was defined as pancreatic infection occurring 14 days or less after the onset of pancreatitis.
Sampling Protocol and Cytokine Assays
Peritoneal lavage and thoracic duct drainage were performed as described (34, 35) . Blood and lymph were sampled once daily and concurrently collected at the same time of day during the course of thoracic duct drainage. A complete sequence of lymph and blood samples was obtained in 59 (98%) and 36 (60%) patients, respectively. Ascites was collected once at the time of insertion of the peritoneal lavage catheter in 15 (25%) patients from whom pure undiluted fluid could be obtained. 
Pro-and Antiinflammatory Activities
Proinflammatory activity. Proinflammatory activity in blood, lymph, and ascites was defined as the capacity of the sample to induce the activation of cultured human pulmonary type II-like A549 cells (American Type Culture Collection, Manassas, VA) as measured by the surface upregulation of intracellular adhesion molecule (ICAM)-1 by these cells as described (36) . Values above 1 U/ml were considered significant, indicating the presence of proinflammatory activity (37) .
Antiinflammatory activity. Antiinflammatory bioassays were developed to quantify the excess antiinflammatory activity contained in human body fluids. "Anti-IL-1 activity" and "anti-TNF activity" were defined as the capacity of the body fluid to inhibit A549 cell activation (ICAM-1 upregulation) induced by a known and fixed amount of recombinant human IL-1␤ and TNF-␣, respectively. For anti-IL-1 activity, a standard curve of recombinant IL-1ra inhibition of IL-1␤-induced ICAM-1 upregulation was used to quantify the level of inhibition induced by the body fluid (see Figure E1 in the online supplement). For anti-TNF activity, a standard curve of recombinant sTNF-RI inhibition of TNF-␣-induced ICAM-1 upregulation was used to quantify the level of inhibition induced by the body fluid (see Figure E2 in the online supplement). Results were expressed as units of anti-IL-1 activity or anti-TNF activity per milliliter. Values above 1 U/ml were considered significant, indicating the presence of antiinflammatory activity. See the online supplement for details on bioassay methods.
Statistical Analysis
The Mann-Whitney U test and Wilcoxon test were used as appropriate to compare continuous data between two groups. The Kruskal-Wallis and Friedman tests were used for analysis of variance. Fisher's exact test or 2 plus Yates correction were used as appropriate to compare categorical data. The Spearman rank sum test with rank correlation coefficients was calculated to assess correlations between cytokine concentrations in blood and lymph and between cytokine levels and scoring systems. These correlations were reported using nominal p values that were uncorrected for multiple comparisons. A p value р 0.05 was considered significant. Statistical calculations were performed with the MedCalc software package (38) and SPSS 9.0 for Windows (SPSS, Chicago, IL).
RESULTS

Patients
The characteristics of the patient population are outlined in Table 1 . Thirty-four (57%) patients were admitted to the ICU within 48 hours of the onset of symptoms and 47 (78%) patients had MSOF within 96 hours of the onset of disease. Peritoneal lavage and thoracic duct drainage were performed in 50 (85%) and 59 (98%) patients, respectively. Peritoneal lavage was initiated in all patients within 24 hours of the onset of MSOF whereas 55 (93%) patients underwent drainage of the thoracic lymph within this time interval. The median duration (range) of peritoneal lavage and thoracic duct drainage was 5 (1-17) and 6 (2-13) days, respectively. As patients were admitted and sampled at various intervals from the onset of disease, results were normal- ized and analyzed according to the onset of organ failure(s) for sake of comparison between patients. Reference values of cytokines and bioactivity in the lymph were obtained for comparison in a group of eight patients who underwent either an elective transthoracic resection for carcinoma of the esophagus (n ϭ 6) or organ procurement after severe traumatic brain injury and secondary brain death (n ϭ 2). Reference values in ascites were obtained in a group of five noninfected patients with either right heart failure (n ϭ 3) or liver cirrhosis (n ϭ 2). The early staging of severity and the assessment of local and distant tissue injury are summarized in Table 2 . Infected pancreatic necrosis was documented during the hospital stay 
Intracompartmental Mediators and Bioactivities at the Onset of MSOF
Cytokine concentrations as well as pro-and antiinflammatory activities in the three compartments at the initiation of peritoneal lavage and thoracic duct drainage are outlined in Table 3 . "Proximal" proinflammatory cytokines (TNF-␣ and IL-1␤) and corresponding proinflammatory activity were detected in a minority of patients, particularly in lymph and plasma. The IL-1␤ level in ascites differed significantly from the other compartments. Similarly, proinflammatory activity was primarily detected in the ascites compartment and was correlated with IL-1␤ (r ϭ 0.73, p ϭ 0.029) whereas no correlation could be demonstrated with TNF-␣ (r ϭ 0.46, p ϭ 0.14). Patients with detectable IL-1␤ in ascites were sampled earlier after the onset of disease than those in whom IL-1␤ was not detected (mean Ϯ SD, 1 Ϯ 0.8 versus 2.3 Ϯ 0.8 days; p ϭ 0.03).
Antiinflammatory activity ascribed either to inhibitors of TNF-␣ (anti-TNF activity) or IL-1␤ (anti-IL-1 activity) predominated largely over proinflammatory activity in plasma and lymph, but not in ascites. There was no significant difference in antiinflammatory activity between the three compartments with the exception of anti-IL-1 activity in ascites, which was found to be significantly higher than in lymph. In all compartments anti-TNF activity was higher than anti-IL-1 activity.
Interleukin-6, IL-8, soluble TNF receptors, and IL-1ra levels were well above the limit of detection in the three compartments
TABLE 3. INTRACOMPARTMENTAL CONCENTRATIONS OF CYTOKINES AND BIOACTIVITIES AT THE ONSET OF MSOF
Ascites
Lymph Plasma 
Definition of abbreviations:
Anti-IL-1 ϭ antiinflammatory activity ascribed to IL-1 inhibitors; anti-TNF ϭ antiinflammatory activity ascribed to TNF inhibitors; LD ϭ limit of detection; MSOF ϭ multisystem organ failure; Proinfl ϭ proinflammatory activity.
* Values expressed as median (range) and in pg/ml except for pro-and antiinflammatory activity in U/ml; n Ͼ LD (%) denotes the number of patients (%) above the limit of detection or significance of the assay. and were detected in nearly all patients in spite of marked interpatient variability. Levels of cytokines were found to be highest in the ascites compartment. The balance between the pro-and antiinflammatory response as expressed by molar ratios of antiinflammatory to proinflammatory cytokines and bioactivities is presented in Table 4 .
With the exception of TNF-␣, IL-1␤, and proinflammatory activity, the mediator concentrations and antiinflammatory activities in the three compartments were significantly higher than their respective control levels (p Ͻ 0.05 for all cytokines versus controls in lymph, plasma, and ascites). In ascites, levels of IL-1␤ were significantly increased in patients when compared with controls (median, 5 pg/ml; range, 0-265 versus 0 pg/ml, respectively; p Ͻ 0.001) (see Table E1 in the online supplement).
Proinflammatory Mediators and Biological Activities during Drainage
The number of patients and samples in whom TNF-␣, IL-␤, and pro-or antiinflammatory activity was detected in lymph and plasma during the period of observation is outlined in Table 5 . TNF-␣ and IL-1␤ and the corresponding proinflammatory activity were found in few patients. In the vast majority of the patients a net antiinflammatory activity largely predominated in lymph and plasma, with similar levels in both compartments. In the few samples in which TNF-␣, IL-1␤, or proinflammatory activity was detected they were not concentrated at the onset of organ failure but, rather, were randomly distributed in the 7-day period of observation. Anti-IL-1 and anti-TNF activity in lymph and plasma correlated significantly with IL-1ra concentrations (r ϭ 0.60; p ϭ 0.006) and sTNF-RII levels (r ϭ 0.39; p ϭ 0.017), respectively.
Time Course of Intracompartmental Mediator Levels and Intercompartmental Gradients
All secondary mediators and antiinflammatory activity remained markedly elevated in lymph and plasma throughout the study period (see Figure E3 in the online supplement). Concentrations of mediators were significantly higher in lymph than in plasma, except for IL-1ra levels, which were higher in plasma, and Definition of abbreviations: Anti-IL-1 ϭ antiinflammatory activity ascribed to IL-1 inhibitors; anti-TNF ϭ antiinflammatory activity ascribed to TNF inhibitors; MSOF ϭ multisystem organ failure; Proinfl ϭ proinflammatory activity.
* Data presented as median (range).
antiinflammatory activities, which were not significantly different in the two compartments. Plasma cytokine levels were found to be even more elevated in patients with shock, ARDS, and/or renal failure. The difference in mediator concentrations between the lymph and the blood compartments was accordingly reduced or abolished in some cases (see Figures E4-E9 in the online supplement). Except for IL-6 in lymph and plasma and IL-10 in lymph, the concentrations of which fell significantly during the period of the study, bioactivity and all other mediator levels did not change whatever the end-organ failure(s) (see Figures  E3 and E4-E9 in the online supplement). Accordingly, molar ratios of antiinflammatory to proinflammatory cytokines and bioactivities did not differ significantly in lymph and plasma from the onset of MSOF throughout the course of drainage. Renal replacement therapy was initiated during the sampling period in 10 patients. Mediator levels in lymph and plasma were not significantly altered by this procedure (see Figures E10 and E11 in the online supplement).
Intercompartmental mediator gradients were analyzed only in paired samples during the first week after the onset of MSOF. A significant gradient between the three compartments was observed for all mediators except for anti-TNF activity and IL-10 between ascites and lymph, and anti-IL-1 activity between ascites and plasma ( Figure 1 ). The highest mediator levels were measured in ascites; levels were intermediate in the lymph and the lowest concentrations were found in plasma with the exception of IL-1ra. Accordingly, gradients were highest between ascites and plasma. We observed a nonsignificant tendency to decreased gradients between lymph and plasma with time. At the onset of drainage, lymph mediator levels significantly correlated with their corresponding levels in plasma except for IL-6 and anti-IL-1 activity. After 6 days of thoracic lymph drainage, a significant correlation between lymph and corresponding plasma concentrations was still found for all mediators (Table 6 ). 
Mediator Levels and Bioactivities and Local and Systemic Complications
As TNF-␣, IL-1␤, and proinflammatory activity could be detected in only 15% of the samples, peak levels were used to analyze their relationship with distant organ failures, local tissue injury, and outcome. For antiinflammatory activity and the other mediators, mean levels were used. Systemic complications were quantified by APACHE II and SOFA scores and by the occurrence of major end-organ failure. No correlation was found between peak levels of TNF-␣, IL-1␤, and proinflammatory activity in lymph and plasma and APACHE II and SOFA scores as well as the presence of endorgan failure (see Tables E2 and E3 in the online supplement). Plasma levels of all other cytokines and anti-IL-1 activity were closely correlated with APACHE II and SOFA scores. The correlation between severity and organ dysfunction scores and lymph mediator levels were looser and not significant for IL-6. Patients with shock had significantly higher mean plasma levels of IL-6, IL-8, and both soluble TNF receptors. The presence of criteria for ARDS significantly altered neither plasma levels of mediators nor bioactivities. Patients with shock and/or ARDS had higher lymph levels of IL-1ra and anti-IL-1 activity. Patients with renal failure (n ϭ 30) showed an elevation in all mediators in both compartments compared with patients with normal renal function (see Tables E2 and E3 in the online supplement). The correlation between APACHE II score and lymph and plasma mediator levels remained significant after excluding patients with renal failure (data not shown).
Local complications were evaluated by CT Severity Index, extent of pancreatic necrosis, and early pancreatic infection. In plasma no correlation was found between levels of mediators and bioactivities and the extent of local damage as assessed by CT Severity Index (see Tables E4 and E5 in the online supplement). Plasma levels of mediators and bioactivities did not differ significantly in patients with pancreatic necrosis (Ͻ 50% necrosis or у 50% necrosis). In contrast, lymph TNF-␣, IL-1ra, and proinflammatory activity levels correlated significantly with the CT Severity Index. Patients with у 50% necrosis had significantly higher lymph IL-6, IL-10, IL-1ra, and anti-IL-1 activity levels than did those with Ͻ 50% necrosis (Figure 2 ; and see Tables E4 and E5 in the online supplement).
Early pancreatic infection was not associated with a significant change in the rate of detection of TNF-␣, IL-1␤, and proinflammatory activity in both compartments. However, mean plasma IL-8, IL-1ra, and sTNF-RII levels and mean lymph IL-6, IL-8, sTNF-RI, and sTNF-RII increased significantly with infection (see Tables E4 and E5 in the online supplement). Globally, the cytokine profile showed a parallel time course in plasma and lymph (Figure 3 ). In the noninfected group, mediator levels did not change significantly with time, except for IL-6. In the infected group, mediator levels increased significantly with time in plasma and lymph, except for IL-10 in both compartments, IL-1ra in plasma, and sTNF-RII in lymph. In patients who developed an extrapancreatic infection, no significant differences were noted either in plasma or in lymph concentrations of mediators (data not shown).
Concentrations of mediators were significantly higher in nonsurvivors than in survivors except for IL-1ra and anti-IL-1 activity in plasma, IL-6 and anti-IL-1 activity in lymph, and TNF-␣, IL-1␤, and proinflammatory activity in both compartments (see Tables E4 and E5 in the online supplement).
DISCUSSION
A specific treatment directed to the inflammatory and necrotizing process, as well as to early MSOF, would certainly decrease the considerable morbidity and mortality that still affect patients with severe acute pancreatitis. Therefore, improved knowledge of the pathophysiologic mechanisms underlying both local necrosis and distant organ damage is of utmost importance to impinge on these factors by more than supportive measures. Unlike previous related investigations (21) (22) (23) (24) (25) (26) , the main goal of the present study was to address the net immunologic and biological balance between the pro-and antiinflammatory mediators simultaneously in the systemic circulation and in two anatomic compartments that drain the primary inflammatory focus. The design of the study allowed us to assess the relative contribution of local versus distant mediator production as well as the routes of mediator transfer from one compartment to the other, giving insight as to how a local inflammatory process propagates into a systemic illness.
Balance between Pro-and Antiinflammatory Responses
Whereas a sustained and early release of several pro-and antiinflammatory cytokines could be demonstrated in the three compartments, the proximal mediators of the inflammatory cascade, TNF-␣ and IL-1␤, were detected in the thoracic lymph and plasma in only a minority of patients. In contrast, IL-1␤ was detected in the peritoneal compartment in half the patients. Data on cytokine levels in ascites and lymph during human acute pancreatitis are scarce. High and matched concentrations of TNF-␣ were detected in blood and lymph from a small group of six patients with severe acute pancreatitis and ARDS, but four of these patients had either infected necrosis or bacterial pneumonia (28) . In accordance with our results, high levels of IL-1␤ and other cytokines were measured in ascites or lesser sac aspirate from 20 patients with severe acute pancreatitis (21) . A 100-fold increase in IL-1␤ was found locally compared with peak systemic concentrations (21) . Data on the cytokine profile in peripheral blood of patients with severe acute pancreatitis are, by comparison, considerable. Two studies have shown an early surge of secondary pro-and compensatory antiinflammatory cytokines that persisted throughout an extended period of time (21, 24) . In line with our results, TNF-␣ and IL-1␤ were detected only in 6 to 36% of the patients (21, 23, 24) . Several factors may account for the low detection rate of proinflammatory cytokines in the blood and lymph compartments. These cytokines have a short half-life; their peak concentrations could easily be missed by daily blood and lymph sampling whereas clearance might be slower in the peritoneal cavity (39) . These cytokines are produced primarily within tissues, act in an autocrine or paracrine fashion, and may not always reach the circulation. Transient and repetitive bursts in the circulation or spillover from the peritoneal cavity may explain the sporadic detection of TNF-␣ and IL-1␤ in some of our patients throughout the period of sampling. Finally, natural circulating inhibitors and activated proteases released into the circulation by the gland may either interfere with immunoassays or alter cytokine levels or function.
The biological activity of a cytokine in a given biological fluid results from the balance between the cytokine and its antagonist(s) and, therefore, is not reflected by the simple measurement of the antigenic level in immunoassays. The net proinflammatory activity of the three biological fluids sampled in the present study was measured by quantifying the upregulation of ICAM-1 in target human alveolar type II-like A549 cells. This bioassay, sensitive to minute quantities of bioactive TNF-␣ and IL-1␤, has been previously validated for the measurement of proinflammatory activity in plasma, bronchoalveolar lavage, and edema fluids (36, 37, 40) . The absence of net proinflammatory activity in a fluid may result from an excess of natural TNF-␣ and IL-1␤ inhibitors, that is, soluble receptors and receptor antagonists, blocking the proinflammatory cytokines. To measure a possible net antiinflammatory activity, we developed antiinflammatory bioassays that allowed us to quantify net "anti-TNF-␣ activity" and "anti-IL-1␤ activity." These bioassays reflected the amount of natural circulating inhibitors to either TNF-␣ or IL-1␤. The net biological activity in the vast majority of lymph and peripheral blood samples was strongly antiinflammatory from the onset of MSOF throughout the first week. This suggests that a rapid, robust, and dominant antiinflammatory response takes place in circulatory compartments, most probably in response to local proinflammatory stimuli. This response was consistent with the presence in virtually all lymph and plasma samples of a 100-to 1,000-fold excess molar ratio of soluble TNF receptors and IL-1 receptor antagonist (41, 42) . A modest proinflammatory activity was sporadically detected throughout the course of the study in only about 10% of several hundred lymph and blood samples. It should be emphasized that these biological fluids could possibly have elicited a proinflammatory response by using a different target cell or by other proinflammatory mediators that are shortlived, or cannot be detected with the A549 cell bioassay. In addition, it is possible that we missed an early but short-lasting window of circulating proinflammatory activity because of the delay between the onset of the attack and sampling, inasmuch as most patients were sampled within 24 hours of the onset of MSOF. Nevertheless, our results concur with previous studies conducted in other "systemic inflammatory response syndrome" situations such as sepsis and ARDS that demonstrated the prominence of the counterregulatory, antiinflammatory response in the systemic circulation mirroring a net proinflammatory reaction within the alveolar compartment (42) (43) (44) . Severe acute pancreatitis is therefore another severe condition with acute local tissue damage that is accompanied by a dominant systemic antiinflammatory response. It has been proposed that an excessive systemic antiinflammatory response during tissue injury may induce immune suppression, and be responsible for an increased risk of developing secondary, nosocomial infection (45) .
Although the number of samples was limited, significant net proinflammatory activity was found in the peritoneal compartment and correlated with the antigenic level of IL-1␤ in ascites. Despite increased concentrations of IL-1ra, it did not balance local IL-1␤ bioactivity in these samples. A similar close relationship between the bioassay and the immunologic measurement of IL-1␤ was found in the bronchoalveolar lavage fluid of patients with ARDS (36, 40) . A lack of significant correlation between IL-1ra and the net biological activity of IL-1␤ was also observed in these patients (40) . The presence of net proinflammatory activity in the peritoneal compartment suggests that local cells, possibly peritoneal or tissue macrophages, preferentially produce proinflammatory cytokines. In contrast, circulating leukocytes dominantly express antiinflammatory mediators to prevent the deleterious and unwanted systemic spreading of bioactive proinflammatory mediators (45, 46) . The findings of the present study are consistent with those of other studies done in patients with various inflammatory conditions (36, 37, 40, (47) (48) (49) . In these studies, proinflammatory cytokines were confined within the primary inflammatory focus with no or minor spillover into the circulation.
Site of Mediator Production and Pathways of Transfer
Cytokine levels as measured by immunoassays were consistently highest in ascites, intermediate in lymph, and lowest in plasma except for IL-1ra. Similarly, biological activity, either proinflammatory (caused by IL-1␤) or antiinflammatory (ascribed to IL-1ra), was highest in the peritoneal compartment. Several mechanisms may account for the markedly elevated cytokine levels in peritoneal ascites: (1 ) a spillover of mediators from the primary retroperitoneal inflammatory process, (2 ) a local synthesis by activated peritoneal macrophages, and (3 ) a spillover of cytokines from the vascular compartment caused by increased capillary permeability with peritoneal trapping. However, analyses of mediator and biological activity gradients strongly suggest a splanchnic source of many of these mediators. Our data are also in agreement with clinical and animal studies that demonstrated gene induction and cytokine production early after the initiation of pancreatitis, first in the pancreas and after a significant delay in distant organs (9, 21, 28, 39) .
Despite the continuous lavage of the peritoneal cavity and external drainage of the thoracic duct, the gradients in cytokine levels between the lymph and blood compartments remained mostly unaltered during the 7-day period of observation irrespective of the volume of diverted lymph. Thus, unless complete anatomic diversion of the thoracic lymph was not achieved and significant systemic synthesis or lung release of mediators compensated for mediator removal, neither peritoneal lavage nor thoracic duct drainage influenced plasma levels of cytokines. Because the primary source of cytokine production seems to be in the splanchnic area, portal and hepatic venous transfer to the systemic circulation most likely accounts for the drainage of inflammatory mediators into the systemic compartment. Altogether, these results suggest that both plasma and lymph compartments are "fueled" by the same inflammatory focus located in the splanchnic territory. The relative contribution of circulating leukocytes to systemic levels of cytokines was comparatively less significant, except perhaps for IL-1ra. Supporting this, results obtained in experimental acute pancreatitis demonstrated that tissue rather than circulating leukocytes are the major source of inflammatory mediators (9, 50) .
Correlation with Local and Systemic Complications
Cytokine levels in blood and lymph were closely associated with the severity of illness on admission, the magnitude of MSOF as well as with outcome. The statistical association between severity scores and levels of mediators was stronger in plasma than in lymph. The low detection rate of TNF-␣, IL-1␤, and proinflammatory activity accounts for the lack of significant relationship between these mediators and organ dysfunction or severity scores.
The pathogenic role of the inflammatory cascade in local tissue injury, although well established in experimental acute pancreatitis (9, 10), has not been properly assessed in human disease. A significant association between mediator levels and the extent of local tissue injury was found with lymph but not with plasma. The lymphatic compartment is therefore more representative than the systemic circulation to assess local tissue damage. Spillover of mediators from distant organs into the circulation may account for a looser association between mediator concentrations and the volume of pancreatic necrosis (9) .
In this study, 10 patients (17%) had unequivocal pancreatic infection shortly after initiation of thoracic duct drainage. We considered that the other patients had sterile necrosis, an assumption that was substantiated by their clinical course and microbiological cultures although some patients may have had subclinical infectious processes. Interestingly, early infected pancreatic necrosis was not associated with a significantly higher detection rate of lymph and blood TNF-␣, IL-1␤, and proinflammatory activity. This finding is consistent with the concept of compartmentalization of the initial proinflammatory response at the site of the inflammation/infection, with minor or absent mediator spillover into the circulatory compartments, even in the lymph that drains infected tissues (36, 37, 40, (47) (48) (49) . In contrast to TNF-␣ and IL-1␤, "secondary" cytokines and chemokines, as well as antiinflammatory mediators, increased significantly and ran a parallel course in blood and lymphatic compartments during infection. This mediator surge most likely represented the systemic sequel of the local release of first-line proinflammatory cytokines after bacterial contamination of necrosis. Finally, a strong "antiinflammatory" systemic response may well represent a risk factor for the development of sepsis in this population (45) .
Conclusion and Limitations
Several potential limitations of this study should be noted. The study population was relatively young, the initiating factor was predominantly alcohol abuse, and the majority of the patients were transferred, albeit with only a short delay, from referring hospitals. However, this population does provide an accurate representation of the severe end of the spectrum of necrotizing pancreatitis (51) . Only a small subset of susceptible patients with acute pancreatitis progresses to extensive necrosis and distant organ failure, and until now a rapid and reliable prediction of these patients on an individual basis is not possible (24) . Therefore, the onset of MSOF, and not the onset of acute pancreatitis, was chosen as the reference point in our study, which may have imposed an additional uncontrolled variable on data analysis. This was dictated by the design of the clinical protocol, in which patients had peritoneal and thoracic duct drainage only when extensive necrosis and organ dysfunction were present. We have focused our study on inflammatory mediators as potential pathogenic factors in severe acute pancreatitis. It should be clear, however, that other important local and systemic biological pathways such as coagulation, fibrinolysis, and protease and lipase enzymatic cascades may play important roles in the pathogenesis of the disease, possibly in close relationship with inflammation.
In summary, the prominent findings of our study are the following: (1 ) severe acute pancreatitis and early MSOF are associated with a sustained release of both pro-and antiinflammatory cytokines in the ascitic fluid, the thoracic lymph, and the systemic circulation; (2 ) a net proinflammatory activity imputable to bioactive IL-1␤ was measured only in the peritoneal compartment, which is in close vicinity to the site of pancreatic inflammation and necrosis; (3 ) the net biological activity is antiinflammatory in circulating compartments as soon as the acute pancreatitis is accompanied by remote organ dysfunctions. Severe acute pancreatitis represents therefore another clinical situation, in addition to sepsis and ARDS, with a local proinflammatory response, and a systemic antiinflammatory response syndrome; (4 ) gradients of inflammatory mediators from ascites to lymph to blood persisted throughout the duration of the study, despite prolonged lavage of the peritoneal cavity and drainage of the thoracic duct; and (5 ) the extent of local necrosis correlates only with lymph inflammatory mediator levels, whereas plasma levels of mediators and biological activity are closely associated with the severity of MSOF.
Although experimental studies support a pathogenic role of inflammatory mediators in both the extent of local necrosis and the development of remote organ dysfunction, these associations have not been proven in humans. A definite proof of such an association should come from therapeutic trials aimed at modulating inflammatory pathways. In that case, investigators should definitely consider the importance of the compartmentalization of the inflammatory response, and the routes of drainage of toxic mediators in this disease.
